Photometric and spectroscopic observations of the faint Supemovae (SNe) 2002kg and 2003gm, and their precursors, in NGC 2403 respectively, are presented. The properties of these SNe are discussed in the context of previously proposed scenarios for faint SNe: low mass progenitors producing under-energetic SNe; SNe with ejecta constrained by a circumstellar medium; and outbursts of massive Luminous Blue Variables (LBVs). The last scenario has been referred to as "Type V SNe", "SN impostors" or "fake SNe." The faint SN 2002kg reached a maximum brightness of MV = -9 .6 , much fainter than nor mal type II SNe. The precursor of SN 2002kg is confirmed to be, as shown in previous work, the LBV NGC2403-V37. Late time photometry of SN 2002kg shows it to be only 0.6 mag nitudes fainter at 500 days than at the epoch of discovery. Two spectra of SN 2002kg, with an approximately 1 year interval between observations, show only minor differences. Strong Fell lines are observed in the spectra of SN 2002kg, similar to both the LBV NGC2363-V1 and the type Iln SN 1995G. The spectrum of SN 2002kg does show strong resolved [NII] at AA6549,6583 A . The identified progenitor of SN 2003gm is a bright yellow star, consistent with a F5-G2 supergiant, similar to the identified progenitor of SN 2004et. SN 2003gm, at the epoch of discovery, was of similar brightness to the possible fake SN 1997bs and the type IIP SNe 1999br and 2005cs. Photometrically SN 2003gm shows the same decrease in bright ness, over the same time period as SN 1997bs. The light curve and the spectral properties of SN 2003gm are also consistent with some intrinsically faint and low velocity type II SN.
INTRODUCTION
The different types o f core-collapse supernovae (CCSNe) are pro duced by the gravitational collapse o f the nuclei o f massive stars (Minimal > 8M 0 ) at the end o f their lives. Some o f these CCSNe are unusually faint and may arise from different types o f explosion mechanism and, even, other types o f objects misclassified as SNe.
The massive eruptions o f Luminous Blue Variables (LBVs) have similarities with some observed faint, low-velocity, interacting SNe (Zwicky 1964) . CCSNe are a heterogeneous class o f object demonstrating a wide range o f explosion energies and expansion velocities (Hamuy 2003; Nadyozhin 2003; Elmhamdi eta l. 2003; . Zampieri et al. (2005) consider a separate branch o f subluminous, low velocity type IIP SNe, such as 1997D, 1999br and 2005cs. SNe with low explosion energies are considered to be produced by either massive stars forming black holes, which quench the SN explosion, or low mass progenitors giving rise to ONeMg cores and electron capture SNe (Heger et al. 2003) . Studies o f the progenitors o f these subluminous SNe favour the latter scenario, however, which have been shown to arise from low mass progen itors . Low velocities are also observed in the spectra o f type Iln SNe, for which various causes have been proposed. Observations o f SNe 1995G and 1998S show that in some cases the low-velocity spectral features arise from the interaction between the ejecta and a dense circumstellar medium (CSM) . Spectroscopy o f some type Iln SNe reveals 2-3 velocity components in their strong Balmer lines. Pastorello et al. (2002) observed, for example, broad, intermediate and narrow components to H a emission in spectra o f 1995G. Type IIn SNe span a large range in brightness from SN 1997cy, at maximum M y « -2 0 .1 (Turatto et al. 2000) , to SN 2000ch, M y « -1 2 .7 (Wagner eta l. 2004 ). The Type IIn SNe 1997cy and 1999E are possibly associated with Gamma Ray Bursts (GRBs 970514 and 980910; Turatto eta l. 2000 ; R ig o n e ta l. 2003). The combination o f extremely low velocities and faintness has led to the suggestion that some type II SNe are misclassified LBVs undergoing outbursts similar to n Car (Zwicky 1964) . Humphreys & Davidson (1994) present a review o f LBV charac teristics. A handful o f LBVs have been identified in the Galaxy and a few extragalactic LBVs, undergoing outbursts, have also been discovered (e.g. D rissen e ta l. 2001). The LBV phase is an important stage in the evolution o f the most massive stars (> 4O M 0; Humphreys & Davidson 1994) with irregular episodes o f mass loss, including extreme eruption events. The ejected mass goes on to form a CSM, which may be observed as an LBV nebula (such as for n Car). These massive stars will eventually produce a SN w hich then interacts with this CSM (Lamers 1989) . Such massive stars are also expected to be progenitors o f Gamma Ray Bursts when they are in the W olf-Rayet phase o f their evolution (Woosley 1993) . Zwicky (1964) identified SN 1961V in NGC 1058 as being peculiarly faint and having similar characteristics to n Car; this was the prototype for his type V class o f SNe. A number o f other SNe have been noted for their peculiar faintness and low velocities and have been suggested to be LBVs: SN 1954J (Smith et al. 2001) , 1978K (Ryder et al. 1993) , 1997bs (V a n D y k e ta l. 2000), 1999bw The faint, prolonged and erratic light curve and the low velocities (Filippenko et al. 1995) are consistent with an LBV eruption, but Chu et al. (2004) discuss features o f SN 1961V, such as the non thermal radio spectrum, w hich are more in keeping w ith a fading SN remnant. SN 1986J was suggested by Uomoto (1991) to be the eruption o f an n Car-like variable, although late time observations showed it to be similar to proper SNe (Leibundgut et al. 1991) . The decrease in brightness and the disappearance o f the identified progenitor star o f SN 1997bs (Li et al. 2002) led Smartt et al. (2003) to suggest that SN 1997bs might be a sub-luminous type IIn SN. Studies o f CCSNe have been enhanced by the identification o f progenitors in pre-explosion imaging. In the case o f the LBVs pre-discovery imaging permits a study o f the object at its minimum level o f activity. Some have been shown to be coincident with previously identified variable stars, such as SN 1954J = NGC 2403-V12 (Smith et al. 2001 ) and SN 2002kg = NGC 2403-V37 (Weis & Bomans 2005) . It is not currently clear, however, where the boundary between outbursting LBVs and intrinsically faint type IIn SN falls. The study o f two objects designated SNe 2002kg and 2003gm, and their precursors, is presented here. Details of these SNe and their host galaxies are presented in Table 1 . SN 2002kg was discovered by , brightening over the period from 2002 October 26 (JD2452573.5) to 2004 January 1 (JD2453006). SN 2002kg took place in the SABc galaxy o f NGC 2403, the distance modulus to w hich has been limited by Cepheid measurements to < 27.75 (Ferrarese et al. 2000) . Early time spectra o f 2002kg showed narrow Balmer emission lines, which were unresolved with FW HM < 500km s -1 . The peak absolute V-band magnitude was ~ -9 , about 7 magnitudes fainter than measured during the plateau phase o f the normal type IIP SN 1999em Patat et al. (2003) , showed a featureless continuum dominated by Balmer emission lines. It was noted that these emission lines were composed o f narrow and broad components. The kinematical distance modulus (see Table 1 ), in conjunction w ith a moderate extinction, im plied the discovery absolute magnitude (after ) ~ -1 4 .4 , similar to the maximum brightness o f the peculiarly faint SN 1999br ), but faint compared to normal type II SNe . In §2 the observations o f these two objects are discussed, with the results presented in §3. These results are discussed in §4. These objects will be referred to as SN 2002kg/V37 and SN 2003gm throughout this study. The term "epoch o f discovery" is used to refer to the date at w hich the objects were identified and classified as possible SNe. The term "precursor," therefore, refers to the object identified in pre-discovery images.
OBSERVATIONS AND DATA ANALYSIS

Photometry
A journal o f the photometric observations is presented as . Iterations o f PSF photometry, and subtractions, were conducted on the images with the DAOPHOT package. Aperture corrections were calculated empirically to 0.5" and subsequently corrected to to using the values o f Sirianni et al. (2005) . The pho tometry was corrected for charge transfer efficiency, using the equa tions of Riess & Mack (2004) , and transformed to Johnson-Cousins magnitudes using the relations o f Sirianni et al. (2005) . (Weis & Bomans 2005) . A scale factor was applied to the narrow band imaging, to match the fluxes o f those observed to be predominantly-continuum emitting sources in the broad band imaging. The subtraction o f the scaled narrow band images re moved the continuum emitting sources from the broad band frames, leaving objects with either strong absorption (positive features) or strong emission (negative features) at narrow band wavelengths in the output images.
Spectroscopy
Spectroscopy o f SN 2002kg/V37 and SN 2003gm was acquired at a number o f epochs. A journal o f these observations is presented as Table 3 . The spectra were reduced in the normal manner us ing the IRAF SPECRED, TWODSPEC and LONGSLIT packages. Flatfield and bias corrections were applied to the science frames, which were subsequently wavelength and flux calibrated using observa tions o f arc lamps and flux standard stars acquired during the ob serving runs. The spectra were optimally extracted to the 10% flux level, perpendicular to the direction o f dispersion, and the sky back ground was subtracted. The FW HM o f lines in the spectra o f the arc lamps were used to estimate the spectral resolution.
SN 2002kg/V 37
Spectra o f SN 2002kg were acquired at two epochs (0.34 and 1.31 years after discovery respectively) with the Keck I Telescope and the Low Resolution Imaging Spectrometer (LRIS). The first ob servation with LRIS, on 2003 M ar 1, used the 300/5000 grating, with the 0.7" slit and only the blue arm to acquire the spectrum. 
Differential Astrometry and Progenitor Identification
The IRAF task geomap was used to calculate the transformation between pre-and post-discovery images using the coordinates o f stars common to both frames. The uncertainty in the positions cal culated between frames was calculated as the sum in quadrature .
OBSERVATIONAL RESULTS
Photometric Results
SN 2002kg/V 37
Weis & Bomans (2005) 
SN 2003gm
Post-discovery imaging with W HT Aux-port was used to limit a The phase is given in days from the date of the reported discovery (JD2452574, .
Bracketed numbers indicate the magnitude uncertainty. The unfiltered photometric points suggest that the early light curve was not rising at the time o f discovery.
Spectroscopic Results
S N 2002kg/V37
The two spectroscopic observations o f SN 2002kg/V37 were con ducted with the Keck LRIS instrument, with an interval of0.97yrs.
The orientation o f the 0.7" slit and the clusters which fell along the slit, for the two epochs o f observations, are shown on Fig. 2 c. Flux spectra from the two epochs o f spectroscopic observations are shown as Fig. 7 . Despite the interval between the two observations there are many similarities between the two spectra. The shape o f the continua o f the two epochs o f spectroscopy mirror the photo metric evolution o f Fig. 3, with the slope o f the continuum flattened at the later epoch. Small evolution is perceptible for weak features (although the interpretation is complicated by the different reso lutions o f the two observations, with a factor three improvement in the resolution o f the second epoch observation over that o f the first). These spectra demonstrate, importantly, that broad-band pho tometry will be influenced by the strong H Balmer lines. The H Balmer lines dominate the spectra at both epochs, being strong relative to the continuum yet narrower at the second epoch ( 
SN 2003gm
The spectra o f SN 2003gm sample a broad time range and show considerable evolution, when compared with the spectra presented in Section 3.2.1. The three epochs o f spectroscopy are shown as Figs. 10 and 11 . Measurements o f the strengths and velocity widths o f certain lines, in these spectra, are presented in Table 7 .
The two early time spectra, due to the short 22d interval between their acquisitions, are similar. In both cases the spectra appear as almost featureless continua dominated by Balmer lines. Table 8 .
DISCUSSION
Estimation o f the M etallicities o f SN 2002kg/V37 and SN 2003gm
The metallicity o f SN 2002kg/V37 was estimated from previ ous studies o f nearby HII regions in the host galaxy NGC 2403. Garnett et al. (1997) Bresolin et al. (2004) and Pettini & Pagel (2004) re spectively, were used to estimate oxygen abundance to be 8.48 and 8.51 using R 23 and O 3 N 2 respectively. The uncertainties in the fits to the observed spectral lines are much smaller than 2 a uncertainty in the O 3 N 2 relation o f ± 0 .2 5 d ex . These values imply a metallicity for SN 2003gm o f ~ 0.7Z q . These results are summarised in 
Emission lines, broad-band photom etry and colour-magnitude diagrams
The pre-discovery broad-band photometry o f both objects is af fected by large uncertainties. In addition, as shown in section 3 (and by Weis & Bomans 2005) SN2002kg/V37 was an unusual emis sion line object already in pre-discovery phase. Thus, the trans formation o f colours and magnitudes into luminosity and effec tive temperature using the colour-effective temperature relationship for normal supergiants (Drilling & Landolt 2000; Kudritzki et al. 1999) to discuss the physical properties o f the objects in the HRD does not seem to be useful. Instead, we compare the location o f SN2002kg/V37 and SN2003gm in the colour-magnitude plane with those o f similar objects. We will also use the photometry o f the surrounding stars to estimate the age o f the stellar population. This simpler and very direct approach will provide important constraints on the nature o f the objects. Table 4 . Overlaid are half-solar metallicity stellar evolution tracks, with the initial mass (in solar masses) indicated.
B -V V -I
SN 2002kg/V37
The LBV nature o f SN 2002kg/V37 has been previously demon strated by Weis & Bomans (2005) . The results presented here, how ever, show that post-discovery data alone can be used to determine the LBV nature o f such objects. The spectroscopic study o f SN 2002kg provides a comparison for future LBVs misidentified as SNe, w hich might not be fortunate enough to have been identified as LBVs prior to discovery o f the "SN."
The photometry o f stars within 2" o f SN 2002kg/V37 was used to estimate an age (see Fig. 12 ), by comparing their positions on a colour-magnitude diagram w ith theoretical isochrones (from the database o f non-rotating stellar evolu tion models o f the Geneva group and associated isochrones (Lejeune & Schaerer 2001) (1994), such a magnitude difference constitutes a "large excursion" rather than an "eruption." SN 2002kg follows the general trend o f S D or variables which are blue during quiescence and proceed to the red upon outburst, as the increase in radius causes a drop in temperature as the out burst occurs at a constant luminosity (W olf 1989) . A key test would be to check if the pre-discovery state lies on the S Dor strip and the post-discovery state lies on the constant temperature strip for outbursting LBVs on the H R diagram, between which LBVs move as they change from their quiescent state to outburst (Humphreys & Davidson 1994) . A number o f well studied LBVs are observed to lie in either one o f these strips or vary between them (Smith et al. 2004 (Turatto et al. 1993 ) and 1995G (Pastorello et al. 2002 , w hich for interacting SNe is due to the conversion o f kinetic energy to radiation as a conse quence o f the interaction o f the ejecta with the CSM. The prolonged period o f brightness is, however, similar to the observed light curve o f the peculiar SN 1961V, which plateaued for < 3 months (Zwicky 1964) . This is also similar to the light curves reported for a num ber o f LBVs such as n Car (Humphreys et al. 1999 ), NGC2403-V12(1954J) (Tammann & Sandage 1968; Smith et al. 2001) (Pastorello et al. 2002) . These strong lines are indicative o f raised nitrogen abundance in an "LBV nebula," formed from ejection o f N rich material sur rounding the LBV (Smith et al. 1998) . The presence o f these lines is important due to the conspicuous absence o f other nebular lines, such as those listed in Table 8 , implying a raised N abundance.
The strengths o f the [N II] lines, relative to H a , reported here are smaller than those observed in the LBV nebulae studied by Smith et al. (1998) . This is because SN 2002kg/V 37 is not-spatially resolved from the nebula and so, the observations reported here, contain flux from the star in addition to the nebula. Other "nebu lar" lines observed by Smith e ta l. (1998) (Humphreys & Davidson 1994 ) means that the more data available for definitively classified objects, the better future classification will be. Having confirmed the LBV na ture o f SN2002kg/V37 it seems important to obtain accurate infor mation about effective temperature, luminosity and chemical com position. This can be accomplished through a quantitative spec tral analysis o f our emission line spectra using spherical extended non-LTE line blanketed model atmospheres including stellar winds. Such work for emission line stars in galaxies beyond the Local Group has been carried out recently by Bresolin et al. (2002) in NGC 300 and by Drissen et al. (2001) for the LBV NGC2363-V1. This will be the next step o f our work.
SN 2003gm
The ACS/HRC images were used to provide photometry o f stars within 2 " o f SN 2003gm (see Fig. 14) . This photometry was plot ted on a colour magnitude diagram, w ith half-solar metallicity isochrones (appropriately shifted for the reddening, extinction and distance to NGC 5334 = 20.5Mpc) to estimate an age for these stars. A n approximate age o f lo g (a g e/y ea r) = 7.1 ± 0.2 was es timated from this colour-magnitude diagram, which is similar to that determined for SN 1997bs in M66 (see Fig. 16 ). This corre sponds to the lifetime o f stars with initial masses o f < 25M q . This is lower than the 40M q initial mass threshold for stars to undergo an LBV phase in the standard "Conti" scenario (M aeder & Conti 1994) . (1989) and an LBV candidate identified in NGC 3621 (□) by Bresolin et al. (2001) . Right Panel The pre-and post-discovery behaviour of SN 2003gm are indicated chronologically, following the photometric observations listed in Table 5 . Note that the V-band magnitude at discovery, point 2, is assumed to be the same as the reported unfiltered magnitude at 0 days, and the corresponding I-band magnitude is that of 12.7 days. Overlaid are half-solar metallicity stellar evolution tracks, with initial masses indicated V -I Figure 14 . The combination o f low luminosity and low velocities suggest that if SN 2003gm is indeed a SN then it is a very under-energetic one. Zampieri et al. (2003) predict that progenitors with M z a m s < 20M q may form black holes and are, hence, quenched. SN 2003gm is similar to SN 1997bs, but an authoritative argument for the LBV nature o f the latter has not been put forward.
CONCLUSIONS
Post-discovery photometric and spectroscopic observations o f two faint, low velocity outbursts have been presented here. 
